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LECTURE I.

MR. PRESIDENT AND GENTLEMEN,-It was shown by
Ludwig and his pupils that the ultimate ramifications of the
lymphatics were continuous with the intercellular spaces of
the various tissues, so that the tissue juices are synonymous
with lymph, and in all parts of the body, except in Bowman’s
capsule of the kidney, the medium immediately surrounding
the cells is lymph. The lymph is thus the middleman between
the blood and tissues, and all the interchanges that go on
between tissues and blood must take place through its

mediation. The lymph then, in any part, may be regarded as
having a twofold origin, for it consists partly of substances
which have been given up to it by the tissue cells and partly
- of substances which have left the bloodvessels. It has often

been supposed that the lymph left the vessels in a continuous
stream, bathed the cells, giving up to them nutrient matter
and receiving from them their waste products, was then
collected into lymphatics and returned by the thoracic duct
into the blood; so that, by analysing the lymph coming from
any given part and comparing its composition with that of the
blood plasma, we could find out the metabolic changes that
had occurred in that part. This, however, is not correct.
The lymph flow from any given tissue affords us no clue to
changes that are occurring in that tissue. We know that
in a limb at rest active metabolic changes are going on, and
yet from this limb there is no lymph flow whatever; so that
we must look upon the lymph as stationary, taking up from
the blood and giving to the tissues the substances which these
latter require, and taking up from the tissues and giving to
the blood the waste products. Had we only examined
the behaviour of the resting limb we should have no right
to speak of a lymph flow at all. The presence of
lymphatic channels, however, shows that, under certain
.circumstances, there must be an excess of production over
absorption, so that the tissue spaces become overfull, and
the excess of fluid has to be carried off by lymphatic
channels. This excess of production, which under physio-
logical conditions is slight, may under pathological condi-
tions become so large that the excess can no longer be
carried off by the lymphatics, and, accumulating in the

spaces, gives rise to dropsy. Hence it becomes of great
practical importance to study the conditions which regulate
the flow and composition of the lymph in the various parts of
the body.
Ludwig long ago put forward the view that the flow and

composition of the lymph might be explained by the known
physical laws of diffusion and osmosis. He says : "The
blood which is contained in the vessels must always tend to
equalise its pressure and its chemical constitution with those
of the extra-vascular fluids, which are only separated from it
by the porous blood-vessel walls. If, for example, the
quantity of blood in the vessels is increased, the mean blood
pressure is also increased, and at once a portion of the blood
i driven out into the tissues by a mere process of filtration.
The same result is brought about when the constitution of
the blood is altered by the absorption of food or by increased
- excretion through kidneys, lungs, or skin, or when the com-
position of the tissue fluids is altered in consequence of
increased metabolic changes taking place in the tissues. In
the latter case the changes brought about in the lymph are
effected by processes of diffusion 

" Since it is a condition of
the maintenance of life that these chemical changes in the
’tissues should go on, and that the waste products should
b’3 continually excreted by the kidneys, lungs, and skin, there
must be at the same time constant changes in the amount
and composition of lymph produced.

The question that we have now to discuss is whether these
two nrocesses of filtration and diffusion will reallv account in

all cases for the lymph flow and composition. It was shown
many years ago, by Majendie and others, that chemical
differences between blood and lymph provoked a transference
of the substance that was in excess from one side of the
vessel wall to the other. Thus if colouring matters, salts or
sugar, be injected into the blood, they are very shortly after-
wards found in the lymph in various parts of the body. If,
on the other hand, these substances be injected into the tissue
spaces or into the pleural or peritoneal cavities, their existence
can very soon be detected in the blood, whence they make their
way into the urine. Since these interchanges take place after
the introduction of abnormal as well as normal substances
into the body, we must assume the general application of
these results and look upon processes of diffusion as one of
the factors in regulating the composition of the lymph. Not
so successful hitherto have been the attempts to demonstrate
a direct relationship between blood pressure and lymph
formation. According to Ludwig’s view, if A be the pressure
within the capillaries and B the pressure of the fluid in the
tissue spaces outside the capillaries, the amount of lymph
produced must be proportional to the difference between A
and B. In the earliest work, carried out in Ludwig’s
laboratory, this relationship seemed to hold good. Thus, on
passing defibrinated blood through a limb, it was found that
the amount of lymph produced was proportional to the
pressure under which the blood was sent through the vessels.
Later on Tomsa, experimenting on the lymph flow from the
testis, found that the flow was largely increased by ligature of
the pampiniform plexus, under which conditions of course the
capillary pressure must be largely increased. It then became

important to decide whether the same result might not be
produced in the living body by increasing the arterial
pressure in any given part. Two researches in this direc-
tion were undertaken by Paschutin and Emminghaus. The
former observer investigated the flow of lymph from the upper
extremity of the dog. He showed, in the first place, that at
rest there was no flow of lymph from the arm, and it was
therefore necessary to employ passive movements of the limb
or to knead it at regular intervals. In this way a fairly con-
stant flow of lymph might be kept up. In this case the effect
of squeezing the limb would be to empty the tissue spaces, so
that, on relieving the pressure, the tension in these spaces
would be diminished, and the quantity A minzcs B increased.
The augmented flow of lymph obtained in this way is therefore
consonant with Ludwig’s hypothesis. On the other hand, it is
impossible to increasethe lymph flow by increasing the pressure
of the blood in the vessels of the limb. Thus section of the
brachial plexus was without effect on the lymph flow. In.
other experiments the brachial plexus was cut and the spinal
cord divided and stimulated, so that there was constriction of
all the arteries in the body with the exception of the fore limb
under observation. Even this rise of pressure had no effect
on the lymph produced. Paschutin himself comes to the
conclusion that there must be some factor other than the
blood pressure determining the amount of lymph produced,
and suggests that perhaps this factor is the living vessel wall.
Emminghaus then carried out a similar series of experiments
on the lymph flow from the hind paw of the dog. In the
main, his results corroborate those obtained by Paschutin. In
two experiments, however, he observed a slight increase in the
amount of lymph produced, after section of the sciatic nerve.
A little later Rogowicz repeated Emminghaus’ experiments
with slight alterations and found nearly invariably an increase
in the lymph after section of the sciatic nerve orin consequence
of active vaso-dilatation. He confirmed moreover the fact that
had been pointed out by Paschutin-i. e., that the injection of a
small dose of curare exerts a greater influence on the lymph
flow than the highest rise of blood pressure that could be
produced experimentally. On injection of curare the amount
of lymph was increased four to six times, and the percentage
of solids was at the same time augmented. He shows that
this effect of curare cannot possibly be due to any influence -
it has on the pressure in the capillaries, and concludes that
this substance must be looked upon as a "lymph-treibendes
Mittel "-tbat is, as a substance having a specific action on
the endothelial cells of the vascular wall and increasing the
flow of lymph just as diuretics increase the flow of urine.
We thus see that the experiments carried out by Ludwig’s &deg;
pupils afford very doubtful support to his hypothesis, and
that it seems impossible to explain the facts of lymph pro-
duction simply on the filtration hypothesis. The inadequacy
of this hypothesis was pointed out in a critical article by
Tigerstedt. This observer had shown that there is no com-
parison between the behaviour of a living membrane ard the

N
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behaviour of a dead membrane. A frog’s lung, which under
pressure of 20 ccm. of water will not allow a drop of normal
saline to pass through it, will, if killed, permit the passage
with the utmost ease. Leber had already shown that the
great resistance of the cornea to filtration pressure was
dependent solely on the single layer of cells forming
Descemet’s membrane. This layer once destroyed, the fluid
passed with the utmost ease. Tigerstedt, on reviewing the
facts ascertained so far, came to the conclusion that lymph
is a secretion, its formation being determined solely by the
condition of the endothelial cells of the capillaries, and not by
the hydrostatic pressure existing on one side of these cells.
Even the effect of venous obstruction seems difficult to

explain on the filtration hypothesis. The lymph of venous
obstruction, as was shown by Emminghaus and Cohn-
heim, presents certain constant changes ; the amount
of solids in it is diminished, while at the same time
a number of red corpuscles appear in it, which have left
the vessels by diapedesis. The mere diminution of solids
might perhaps be explained mechanically, since Runeberg
had shown that, on filtering albuminous fluids through animal
membranes, the amount of proteid in the filtrate was

diminished as the filtration pressure was increased. On the
other hand, if the red corpuscles are squeezed through pores
in the capillary walls, it is hard to understand why the fluid
plasma should not also get through these openings, and why
the amount of solids in the lymph does not increase instead
of diminishing.

All these experiments suffer from the drawback that they
were carried out in parts where there was no lymph flow and
where it was necessary to use artificial means in order to get
any flow at all. Moreover, the total amount of lymph
obtained in a given time is so small in relation to the blood
which has passed through the vessels of the limb, that it is
impossible, from a study of the composition of the lymph,
to arrive at even an approximate idea of the composition of I,
the fluid that has left the bloodvessels. From the lymphatic I.trunk of the neck one may obtain a constant flow at rest, but
the amount here is also extremely small, and one must wait
a very long time in order to obtain a quantity sufficient for
analysis. Only from one region of the body does one obtain
at rest a constant and adequate flow of lymph, and that is
from the abdominal organs. This lymph may be obtained
with great ease by putting a cannula in the thoracic duct.
The study of lymph from this situation has been objected to
on the ground that it is derived from every part of the body.
In the animal which is quietly resting on a board this objec-
tion does not hold, since we know already that there is no
flow during rest from any of the limbs. The lymphatic of
the neck is ligatured in preparing the thoracic duct, and Bohr
has shown that there is no flow from the lungs or thoracic
cavities, so that we can regard the lymph obtained from the
thoracic duct as having practically a threefold origin-viz.,
from the intestines, the liver, and the kidney. Moreover,
the amount flowing from the kidney under normal circulatory
conditions is so small that it can be disregarded ; so that the
sources of the lymph flow from the duct are quite manageable
and fit for experimental investigation.

There is one objection, however, which might be urged.
Since the lacteals are one of the channels of absorption from
the intestines, it might be thought that we had here an un-
known factor. It has, however, been shown that the digestion
of food has not the slightest influence on the amount of lymph
flowing from the thoracic duct. The only difference between
the duct lymph of digesting and starving animals lies in the
fact that the former contains a large quantity of fat. It is
well, however, on this account to experiment always on fast-
ing animals, in which the intestines are empty, and we have
only to regard the changes in the lymph flow produced by
changes in the circulatory conditions and in the tissues in
which the lymphatic radicles have their origin.

In recent years an important research has been carried out
by Heidenhain on the lymph flow from the thoracic duct.
This observer comes to the conclusion that the physical pro-
cesses of filtration and diffusion play only a subordinate part
in the formation of lymph, and that, as Tigerstedt thought,
lymph is a true secretion dependent for its production on the
activity of the endothelial cells of the capillaries. Since my
experiments have been mainly a repetition and amplification of
Heidenhain’s, I must deal with his arguments at some length.
We can consider his experiments under two headings: firstly,
the effect of artificial changes in the abdominal circulation,
and, secondly, the effect on the amount and composition of
the lymph of injecting various substances into the blood.

1. Mechanical interference with the circulation.-Colson had
- pointed out that, on obstruction of the thoracic aorta, the
i flow from the thoracic duct at once came to a standstill..
, This result, as Heidenhain showed, was due to a faulty

position of the aortic obturator, which acted mechanically
by obstructing the thoracic duct. Heidenhain, on repeating
the experiment many times, found that in all cases the

lymph flow continued, although the pressure in the abdominal
vessels, as measured by a manometer connected with the
femoral artery, had sunk nearly to nothing. In most cases the
flow was diminished, although the diminution had no relation
to the enormous diminution in the arterial pressure. In
some cases, however, the lymph, instead of being diminished,
was increased. Thus in one experiment, when the arterial
pressure was 98 mm. Hg, the amount of lymph obtained in
the succeeding ten minutes was 2’1 and 1’6 c.cm. The
thoracic aorta was then occluded, and the pressure in
the femoral artery sank to 22 mm. Hg, while the lymph-
obtained was 2’8 and 1-4 c. cm. In the succeeding ten
minutes, while the pressure was 16 mm. Hg, the lymph,
rose once more to 2 c.cm. The obturator was then removed,
the pressure rose to 85 mm. Hg., and the lymph obtained’
was 2’1 and 2’0 c.cm. The pressure then rose to 115 mm
Hg, and the lymph obtained was 2’7 c.cm. The aorta
was then again occluded, the pressure falling to 11 mm.

Hg, while the amount of lymph obtained rose to 3’3 and
3 c. cm. Here there is obviously no relationship between the
blood pressure in the abdominal arteries and the amount of
lymph produced. That the lymph is really newly formed
and is not preformed lymph pressed out by respiratory
movements is shown by the fact that its appearance and
composition are altered ; it becomes whitish and opaque from,
the presence of very fine proteid granules, the amount of
solids it contains is largely increased, and its coagulability
is diminished. Heidenhain concludes that this lymph could
not have been formed by any process of filtration, since all,
the conditions for this process are wanting.
On obstructing the portal vein, Heidenhain obtained the

same results as had been obtained on the limbs by Emming.
baus and Cohnheim. The amount of lymph was largely
increased, and contained a large amount of red corpuscles,.
while its total solids were diminished from about 6 to 4 per
cent. In this case there is, of course, a very large rise of
pressure in the capillaries of the intestines and spleen, which
became distended and black with venous congestion.
Heidenhain is inclined to ascribe this effect to the increased
pressure, so that, under these circumstances, lymph
formation would be a process of filtration. In another
series of experiments the inferior vena cava was obstructed’
above the diaphragm, the obturator (a rubber capsule at the.
end of a German silver catheter, which could be distended
with water) being introduced through the external jugular
vein. In this case the flow of blood from the abdominal
viscera is impeded but not absolutely stopped. If the-
abdomen be open it will be seen that, on obstructing the
inferior vena cava, the intestines become blanched and
ansemic, while the liver is more full of blood than before.
At the same time the arterial pressure falls to about a third’
of its previous height. Coincidently with these changes in
circulation a marked change occurs in the lymph flow from
the cannula in the thoracic duct. The lymph is enormously
increased in amount, and undergoes alterations both in

appearance and composition. Thus in one experiment, in
the ten minutes before the obstruction 3’1 c.cm. of lymph were
obtained, containing 4-8 per cent of solids ; the arterial pres-
sure was 125 mm. Hg. The inferior cava was then obstructed
above the diaphragm, and the arterial pressure sank to 37 mm.
Hg. In the next ten minutes 22 c, cm. of lymph were obtained,
containing 641 per cent. of solids, and this increased flow
continued till the animal died forty minutes later. The
lymph at the same time becomes less and less coagulable, m
that the later portions may be still fluid on the following
day. The question now arises, What is the source of this-
lymph ? 7 Obstruction of the inferior cava below the kidney
has no effect on the lymph flow. Obstruction just above the
kidney causes a slight increase in lymph flow, with a dimi-
nution of total solids. Hence the lymph must come either-
from the intestines or the liver. Heidenhain sought to decide-
between the two in the following way. At the death of the
animal, while the vein was still obstructed, he opened the
abdomen. He found then that on squeezing one or two coils.
of intestine in the hand there was enormous quickening
of the flow from the duct. On the other hand, by the’

strongest pressure on the liver he could not squeeze a
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single drop from the duct. He thus concludes that the
source of the lymph obtained on obstruction of the inferior
vena cava is the same as that of the lymph obtained on
ligaturing the portal vein. Now, in the former case there is
a great fall in arterial pressure and a great rise in the amount
of lymph. That it is not the lymph of ordinary venous ob-
struction is shown by the increase of solids in it, an increase
which is more marked the lower the blood pressure is, as
;shown by the following figures taken from one experiment :

Hence we have here neither venous obstruction nor increased
arterial pressure, and, therefore, none of the mechanical con-
-ditions which would be required if this lymph were produced
by a process of filtration. It must, therefore, be due to the
,secretory activity of the capillary wall. Heidenhain does not
attempt to explain why the capillary wall should be moved to
secrete under these conditions.

2. 111jeetion of s1tbstances into the blood.-I have already
mentioned Paschutin’s and Rogowicz’s discovery of the specific
.action of curare on the lymph production in the limbs.
Heidenhain, searching for bodies which might have a similar
specific action, was struck by the effect of certain foods, such
as crayfish and mussels, in producing nettle-rash. It was
thought that these might afford examples of the bodies in
’question. He prepared a decoction of crayfish muscles in the
following way: the muscles were finely minced and put under
alcohol for a considerable time ; when dehydrated they were
dried in the air and ground up in a coffee mill ; 5 grammes
of the powder so obtained were boiled for a short time
with 100 cc. of normal saline fluid. 30 or 40 cc. of the
decoction so obtained, on injection into the veins of an
animal, gave rise to a very large increase in the lymph flow.
Trom the decoction the active body could be precipitated by
alcohol and formed only a small percentage of the fluid. The
decoction gave a cloudiness with nitric acid which was not
removed by boiling, and also a precipitate with potassium
ferrocyanide and acetic acid. The general characters of
these solutions seem to point to the active body being of the
nature of an albumose, but the active substance has not yet
been separated in a pure condition.
We must now consider the action of this crayfish extract

rather more fully. If the decoction be injected slowly, there
is no,fall of arterial blood pressure, the only effect on the
circulation being that the heart, which was previously irregular
and slow in consequence of the morphine anaesthesia, becomes
rather faster and more regular. Almost immediately after
the injection the lymph begins to drop from the cannula more
.quickly, and is increased to from three to ten times its

previous amount. The first portions of lymph after the
injection may be whitish, but it soon becomes clear and

transparent. Changes also occur in the composition and
coagulability of the lymph. The solids in the lymph are
largely increased, on the average from 6 per cent. before the
injection to about 8 per cent. after the injection ; of course
’these figures vary with the varying composition of normal
lymph; at the same time, the coagulability is diminished
and in most cases entirely abolished, the lymph being fluid
two or three days later. The increase in the lymph flow lasts
from thirty minutes to an hour after the injection. We must
next consider whether this increased lymph flow is derived
from the blood or from the tissues. For this purpose we
must find out what, if any, changes take place in the com-
position of the blood in consequence of the injection of this
extract. On determining the total solids in the blood before
and after infection we find that there is a marked increase
in the total solids produced by the injection. Thus, in one case,
the total solids in the blood before the injection were 21-13
per cent.; ten minutes after the injection had been completed
’they were 22-65 per cent. This increase in total solids is
occasioned by a diminution in the total volume of the circu-
lating plasma. We find in fact that, jp<x?’t pasS1t with this
increase in solids, there is an increase in the relative amount
of haemoglobin in the blood. The total solids are augmented
because there is an increase in the relation of corpuscles
to plasma. These facts show that the larger amount of
ymph obtained is derived, for the most part at any rate,

from the blood. It is evident that a simple loss of
plasma from the blood would not in itself alter the com-
position of plasma in the bloodvessels. Nevertheless we
find, on estimating the amount of total solids in the
blood plasma or serum before and after the injection,
that the plasma has become more watery in consequence
of the injection. In one experiment, before the injection
the serum contained 8 09 per cent. total solids ; ten minutes
after the injection the blood plasma only contained 7 68 per
cent. total solids. How are we to explain this change
in the composition of the plasma ? Heidenhain concludes,
since the plasma has become more watery and at the same
time lessened in amount owing to the injection, that a fluid
more concentrated than the plasma has left the bloodvessels,
a process which he can only ascribe to the activity of the
capillary walls.

In crayfish extract, then, we have a typical example of a
lymphagogue substance, which, without altering the con-

ditions of the circulation, excites the vascular endothelium
to secrete large quantities of a more concentrated lymph.
To make the analogy of capillary endothelium with the
epithelium of ordinary secreting glands more complete, he
devised the following experiment. It is well known that
long deprivation of blood injures the secreting epithelium of
the submaxillary gland, so that it can no longer be made to
secrete by ordinary stimuli. He thought that perhaps the
same thing might hold good for the endothelium of the
abdominal vessels, and therefore tried the effect of a long-
continued occlusion of the thoracic aorta on these vessels.
He found that, if crayfish extract was injected into the
blood stream after the thoracic aorta had been occluded for
about two hours, the lymph flow was unaltered ; the capillary
cells no longer reacted to the chemical stimulus represented
by this extract.
On injecting extract of crayfish muscle into the blood,

the coagulability of the blood as well as that of the

lymph is affected. He therefore tried the effect of inject-
ing various other bodies which were known to diminish
the coagulability of the blood. Thus leech-extract had
exactly the same action. Extract of mussels prepared in the
same way as the crayfish-extract had also a powerful influ-
ence on the lymph flow, accompanied, however, by an initial
fall of arterial blood pressure.
A solution of commercial peptone (albumoses + peptone)

has long been used as a means of inhibiting coagulation of
the blood, and it was pointed out by Fano that the loss of
coagulability, induced by the injection of this substance, was
shared by the lymph. This observer failed to notice that an
enormous increase in the lymph flow from the thoracic duct
is at the same time produced. Injection of peptone, how-
ever, seriously affects the heart, so that the blood pressure
sinks very low indeed and the heart contractions become
feeble. This heart failure might produce a venous congestion
in the abdominal organs, and we might be here merely
imitating the effects produced by the obstruction of the
inferior vena cava above the diaphragm. Heidenhain found,
however, that in some cases it was possible to produce an
increased lymph flow without any fall of blood pressure, by
injecting a small amount of peptone very slowly directly into
the descending aorta. He succeeded, moreover, in two

experiments in completely abolishing its effect on the lymph
flow by previous prolonged obstruction of the thoracic aorta.
Heidenhain concludes, then, that peptone, like leech-extract
and the other members of this class of lymphagogues, has a
specific action on the capillary endothelial cells, exciting
these to secrete an increased amount of concentrated lymph,
though it differs from these in the fact that, whereas one
must inject from two to five grammes of peptone to produce
an appreciable effect on the lymph flow, a corresponding result
is obtained with less than one or two decigrammes of the
active substance in leech or crayfish extract. One other
fact may be brought forward in favour of the view that
the increased flow of lymph following the injection of

peptone is brought about by a secretory activity of the
endothelial cells. Working under Heidenhain I found that,
by using trichloracetic acid to precipitate the coagulable
proteids of the plasma, one could demonstrate the presence
of peptone in the blood one or two hours after it had
been injected, and the amount present might be estimated
colorimetrically. I found, confirming an observation of
Shore, that within half a minute after the injection of peptone
into the blood this body may be detected in the lymph. During
the first few minutes after the injection the amount of peptone
in the blood sinks rapidly, while that in the lymph rises, so
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that about five or ten minutes alter the end of the injection
the amount of peptone in the two fluids is the same. A few
minutes later the amount of peptone in the lymph is found
to be higher than that in the blood. From this time onwards
the amounts of peptone in the two fluids gradually sink, the
amount, however, in the lymph always exceeding that in the
blood. Since there is no evidence that peptone may be
destroyed in the blood, the diminution must take place
in consequence of this body passing into the lymph; so

that the peptone passes from blood plasma into lymph-
from a less concentrated into a more concentrated solution.
To bring about this concentration it is necessary that a cer-
tain amount of energy be expended. If this energy be
expended by the endothelial cells, we have an example of
secretory activity similar to that displayed by the secreting
cells of the kidney. Hence I concluded from my obser-
vations that the action of peptone on the capillary walls
is analogous to that of urea on the renal epithelium, and that
the lymph must therefore be looked upon as a secretion. ,

Another class of bodies has been described by Heidenhain I
under the name of "lymphagogues," which resemble the
first class in increasing the lymph flow from the thoracic
duct, but differ from them in almost every other particular.
These include all crystalloid bodies which can be injected in
appreciable quantities into the circulation without poisoning
the animal. As examples of these we may mention sugar,
sodium chloride, potassium iodide, sodium sulphate, urea-in
fact, any bodies allied to these. On injecting into a moderate-
sized animal forty grammes of grape sugar dissolved in equal
.bulk of water, there is an enormous increase in the lymph
flow. The lymph which is obtained after the injection is
clear and watery, and contains much less total solids than
’before the injection. Its coagulability is diminished, probably
in consequence of the mere dilution it has undergone. The
arterial pressure is practically unaffected. If the injection
be made too quickly there may be a slight temporary fall of
pressure during the injection. In some cases there is a trifling
rise of pressure after the injection ; the pulse, however, is
,quickened. When we study the behaviour of the blood after
the injection of these bodies, in order to ascertain the source
.,of the lymph, we find that the blood has undergone changes
the reverse of those which we observed after the injection of
,the first class of lymphagogues. The blood, instead of being
more concentrated, is more watery. The total solids and the
amount of haemoglobin in it are diminished, and the plasma
also is more watery than before the injection. Aftertbeinjec-
tion of sugar, then, the amounts both of lymph and of blood are
increased, and the accelerated lymph flow cannot, therefore,
be derived from the blood. Both fluids, in fact, must be
increased at the expense of a third factor-i. e., the tissues.

Coincidently with this marked flow of lymph, the injection
of sugar &c. prcduces a large urinary secretion, and we find
that there is a direct parallelism between the lymphagogue
and diuretic actions of these bodies. Heidenhain found,
moreover, that their action as lymphagogues or diuretics is
proportional to the osmotic pressure of the solution injected.
It was shown by de Vries and Pfeffer that the osmotic pressure,
or power of attracting water, of the various allied salts varied
inversely as their molecular weights, so that solutions of a
gramme equivalent of the haloid salts of sodium or potassium
in a litre of water would all have the same osmotic pres-
sure. If we took, then, 10 per cent. solutions of sodium
chloride, bromide and iodide, the osmotic pressures of the
three solutions would be in the inverse ratio to their molecular
weights, so that the sodium chloride would have the greatest
attraction for water, and the iodide solution the least.
Heidenhain found that the same thing holds good for their
action on the lymph flow, so that the lymphagogue action of
the various crystalloids, as well as their diuretic powers, must
be conditioned in some direct way by their osmotic pressures.
The physical basis of their lymphagogue action seems, more-
over, to be shown by the fact that it is impossible to annul
their effect by previous continued anaemia of the abdominal
organs. Thus in one experiment, after the aorta had been
occluded for two hours, injection of a large quantity of cray-
fish extract was without effect on the lymph flow. Heiden-
hain then injected a solution of sugar into the veins ; at
once the usual effect was produced, and the lymph flow from
the thoracic duct was very considerably increased. One fact,
however, seemed to negative the possibility of a purely
physical explanation of the lymphagogue action of these sub-
stances. Comparative estimations of the sugar in lymph and
blood plasma showed that the sugar rapidly passed from the
blood into the lymph, so that a short time aiter the injection

I had been completed there was a larger percentage amount of
. 

sugar in the lymph than in the blood, and for a short period
. the amount of sugar in the lymph went on rising, while that
, in the blood was sinking, so that sugar was passing
from a medium containing less to a medium containing more
of it. There is thus work done in converting a dilute into a
more concentrated solution of sugar, and Heidenhain ascribes
this work to the cells of the capillary walls. Here, again,
the endothelial cells of the capillaries seem to be endowed
with a secretory activity similar to that of the renal cells.
This observer, then, would explain the action of these bodies
in the following way. When the blood containing a large
excess of, say, sugar arrives at the capillaries, the cells.

forming the walls of these tubes seize on the sugar and
excrete it on the other side into the lymph spaces.
Arrived here in a concentrated solution, it robs the tissues of
water, so that the volume of the interstitial fluid is largely
increased, and the excess flows away and gives rise to the
largely increased lymph flow. At the same time water

passes from lymph to blood by a process of diffusion, and
the blood also becomes largely diluted. In this way the
relation of the lymphagogue action of these bodies to their
molecular weights is rendered intelligible, and we have a
further example of the secretory powers of the vascular
endothelium.
Heidenhain concludes from all these experiments that

under normal circumstances the process of filtration plays na
part in the production of lymph, although he does not deny
that under pathological conditions, such as heart disease
and cirrhosis, the dropsy or ascites may be, and probably is,
conditioned by the increased intracapillary pressure acting
in many cases on a capillary wall already weakened and
abnormal in consequence of anaemic and diseased conditions
of the blood. It is evident that, if these conclusions are
correct, we must alter our whole position with regard to
lymph formation, both under physiological and pathological
conditions. Cohnheim taught us to regard dropsy as

dependent on two factors-viz , alteration of the blood
pressure and alterations of the vascular wall. Working from
the standpoint attained in Heidenhain’s paper, we must,
when dealing with any cedema, local or general, ask whether
the increased lymph production, which causes it, may not be
a physiological reaction of the capillary walls to some

stimulus exciting an active secretion of lymph. This stimulus
may be of two kinds. One kind, which we have already
studied under the name of "lymphagogues," is chemical.
The other mode of stimulus, the existence of which s
strongly suspected both by Tigerstedt and Heidenhain and
assumed by many pathologists, is nervous. Why should not
the vessel walls be supplied with secretory nerves, just as is
the submaxillary gland’? Nervous cedema, from a pathological
curiosity of dubitable existence, becomes a practical problem
for the physiological laboratory. It was from this standpoint
that I began my present work on the subject, and with the
expectation of being able to explain all the phenomena of
lymph formation as a reaction of the endothelial cells to
chemical and nervous stimuli. The results of these investi-
gations I will defer until the next lecture.

A Clinical Lecture
ON

A CASE OF ABSCESS OF THE LIVER ASSO-
CIATED WITH ULCERATIVE COLITIS.

Delivered at Guy’s Hospital, Feb. 3rd, 1894,
BY W. HALE WHITE, M.D., F.R.C.P.,

PHYSICIAN TO GUY’S HOSPITAL.

, GENTLEMEN,&mdash;The case I propose to bring before yoa
to-day is that of a man aged forty-three, who was admitted
into Guy’s Hospital on Jan. 20th of this year for severe

pain in the hepatic region. He had never been abroad,
had never lived in ague-producing districts, and had
never had dysentery. He had had gonorrhcea, but not
syphilis. His history is as follows. He had been half-
starved for some time, but stated that he did not definitely
feel ill till Jan. 2nd, when he had a severe pain in the

right hepatic area and he felt cold ar d shivering. For a.


